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INTRODUCTION

An understandig of the interaction of single cell microorganisms with inorganic substrates is a
centrd isste in both aquatic and soil environmental chemistry. The biochemical pathways of
bacterid metabolisn basel on redox reactions of transition metal compounds involve the
processes of microbial attachment to and subsequent modiiicétioorganc surfacesas well

as the precipitation of inorganic compounds. Bacteria have been discovered whioh Mridiz

Fe into higher valencestates, wherea othes will reduce the oxide as part of their energy
transport cycle [2]. Certain basic facts regarding the initial compouiedsied by bactera that
metaboliz Fe and Mn are still not fully understood. These issues are important to the
understandig of bio-corrosion phenomena, to the microbial ecology of oxide precipitates
formed by bacteria, and to the future harnessing of bio-mineralization fan bgernemediation
efforts and as a route to novel nanostructures.

This article s a report on the fit results obtaina for naturd Mn nodules (from GreenBay
sedimem coresamplesysing high resolution soft x-ray spectromicroscopy at BL7. The first row
transition metal L absorption edges, due te-3&d core transitions, expose a rich fine structure
which allows to differentiate between several valence states of the metal ion. Without spatial
resolution the® studieshawe been seriousy limited, because the action of the microorganisms is
not spatially homogeneous. This is clearly demonstrated by the conmpasisothe
microspectroscopic measurements to spatially averaging total yield measurements.

EXPERIMENT

One of the major advantages of high resolution Stu.s+——— i i
X-ray absorption spectroscopy at the scann
trarsmisson microscope STM (ALS
SpectroMicroscopyFacilily is the possbility to
investigate systens in their natural aqueou-
environments. Measurements on dreamplesmay
not represent the natural state due to chemica
structual changes. For the investigationsegented
here, by placing the Mn specimens betwieo Si,N
membranes x-ray transparent wet-cells containin
thin water film have been performed. The atipent
of a thin layer of water by meawf capillary forces
has been improved by covering the inner surface
the membrare with a surfactat (HTBA). These
cells have been shown to keep tHequid contents |
for at least two days without additional sealing. .. e
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Reference spectra in total electron gi¢échnique Fig. 1: Scanning X-ray micrograph (201mx20um)
hawe been rec_orded at theLB-X_PD chamber using ¢ \1n micro nodules.
dry powders fixed on indium foil.



RESULTS

Fig.1 shows a 20mx20um image taken at the BL7-STXM scanning transmission Xx-ray
microscope with a spatial resolution of about U5 As generally observed for these samples,

the micro nodules tend to form larger agglomerates which occur in a wide range of sizes and
shapes. In the left part of Fig. 2 the Mp, Lx-ray absorption spectra recorded at two different
positions in such an agglomerate of nodules of sample 'orange’' are compared. Additionally,
reference spectra taken from aqueous solutions of Mn compounds K8/ 11)O, resp. 0.2M
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Fig. 2: Mn L, x-ray absorption measurements - left (from top to bottom): Mn micro nodules ‘orange'
(Pos. A), KMn(VIl)O4, Mn micro nodules 'orange’ (Pos. B), Mn(l[)SO, - right (from top to bottom):
KMn(VIl)O4, Mn micro nodule 'blue’;, Mn micro nodules ‘orange’, Mn(l)SO, (all spectra have been
normalized to their maximum intensity).

Mn(I1)SQO, in aqg. dest.) are shown. The two lower spectra clearly exhibit the signature of a
divalent Mn species, whereas the upper curve, in comparison to the reference cokidad

has to be ascribed to a valence state as high as +7. Considering the transmission measurements at
a multitude of different sample spots, the +2 signature was by far the dominant characteristic of
both samples—in fact it was the only one observed by STXM measurements for sample ‘blue’.

In the right part of Fig. 2 the corresponding Mp, Lx-ray absorption spectra taken in total
electron yield technique are compared. These spatially averaging measurements of the two
different samples of Mn nodules turned out to expose a fine structure, which can be immediately
explained as the superposition of the +2 and the +7 Mn spectral features. In contrast to the wet-
cell transmission measurements, the total yield spectrum of sample 'blue’ shows the contribution
of the higher valence state. This can be from two causes. One is that the bulk of the particle is a
+2 valence, with a ‘shell’ of higher oxidation state. The other is that sample preparation (drying
in air) for the total yield measurement led to some additional oxidation. This ambiguity will be
resolved in future experiments.

CONCLUSIONS

Soft x-ray absorption measurements of Mn micro nodules produced by bacterial
biomineralization have been performed, both in the naturally hydrated and in the dry state. For
the first time it has been shown that the high spatial resolution of the x-ray transmission



microscope STXM allows to differentiate between two species of the transition metal ions which
are not homogeneously distributed throughout the agglomerates of micro particles. This can be
seen as an important step towards the desired understanding of localized chemical processes
induced by single cell microorganisms.
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